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(54) Ittle: SUSTAINED RELEASE HETERODISPERSE HYDROGEL SYSTEMS - AMORPHOUS DRUGS 
(57) Abstract 

Sustained release oral solid dosage fonns comprising agglomerated particles of a dierapeutically active medicament in amoiphous 
form, a gelling agent, an tonizable gel strength enhancing agent and an inert diluent, as well as processes for preparing and using the same 
are disclosed. The sustained release oral solid dosage foims are useful in the treatment of hypertension in human patients. 
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increases the gel strength of the gel matrix, ancLfrom about 0 to about 89% by weight of an 
inert pharmaceutical diluent; adding an eflective amount of a medicament having a solubility of 
less than about 10 g/1 to render a desired iherapeuttc effect, and thereafter tableting the 
resulting mixture such that a product is obtwned having a ratio of medicament to gelling agent 
5 from about 1 :3 to about 1 :8. The resulting tablet provides therapeutically effective blood 
levels of the medicament for at least about 12 hours, and preferably about 24 hours. A gel 
matrix is created by exposure of the gelling agent to an environmental fluid (e.g., 
gastrointestinal fltnd or an in-vitro dissolution bath). 

The present invention is further related to a sustained release oral solid dosage fonn 

10 for absorption of a therapeutically active medicament in the gastrointestinal tract, comprising 
an agglomerated particle. The agglomerated particle includes a medicament and a sustained 
release exciptent. The sustained release excipient is comprised of a gelling agent that is in turn 
comprised of xanthan gum and locusts bean gum, providing a controlled release gel when 
exposed to environmental fluids according to the invention. The sustained release excipient 

1 S also preferably includes an inert pharmaceutical diluent, the ratio of the inert diluent to said 
gelling agent being from about 1 :8 to about 8: 1 . 

In preferred embodiments, the ratio of the xanthan gutn to the locust bean gum is from 
about 1 :3 to about 3:1. In such embodiments, the ionizable gel enhancing agent enhances the 
strength of the cross-linking between the xanthan gum and locust bean gums. 

20 The present invention also provides a method of producing a sustained release solid 

oral dosage form by e.g., preparing a formulation including a medicament of low aqueous 
solubility and the sustained release excipient described above. 

In certain preferred embodiments, nifedipine is prepared in amorphous form prior to 
incorporation into the dosage form Amorphous nifedipine is prepared by solubilizing or 

25 dispersing nifedipine crystals in a vehicle, including, e.g., preferably a solid solubilizing agent, 
prior to incorporation into the formulation. 

The present invention is further related to a method of treating a patient by orally 
administering an oral solid dosage form preferred as set forth above. 

In certain preferred embodiments, the mixture of the gelling agent, inert diluent, and 

30 ionizable gel strength enhancing agent are optionally granulated with a dispersion or solution 
of a pharmaceutically acceptable hydrophobic material in an amount suITicient to dow the 
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hydraUon of the gdling agent without disiupting the gel matrix thus formed. 

WhUe the medicament can be any drug with a solubility of less than 10 g/1 in aqueous 
solution, in a particulariy preferred embodiment, the medicament comprises a therapeutically 
effective dihydropyridine. such as e.g.. nifedipine that is prepared in amorphous form. e g., as 

amorphous particles. 

By "sustained release" it is meant for purposes of the present invention that the 
therapeutically active medicament is released from the formulation at a controlled rate such 
that therapeutically beneficial blood levels (but below toxic levels) of the medicament are 
maintained over an extended period of time ranging from e.g.. about 12 to about 24 hours, 
thus, providing, for example, a 12 hour or a 24 hour dosage form. 

By "bioavailable" it is meant for purposes of the present invention that the 
therapeutically active medicament is released from the sustained release formulation and 
becomes available in the body at tiie intended site of drug action. 

By "pooriy soluble", it is meant Uiat tite therapeutically active medicament has an 
aqueous solubility of less tfian about 1000 milligrams per liter (mgA) 

By "moderately soluble", it is meant that the therapeutically active medicament has an 
aqueous solubiUty of less than about 10 grams per Uter (g/l). 

The term "environmental fluid" is meant for purposes of tiie present invention to 
encompass. e.g.. an aqueous solution, or gastrointestinal fluid or. iodfllin, dissolution media 
used for, e.g., confirmation of the dissolution properties of the formuUtion.. 

By "increasing tfie gel strength", it is meant tiiat tite ionizable gel 8trengti» enhancing 
agent imeracts wiUi the gelling agent used in tiie sustained release exdpient in such a manner 
as to desirably prolong the release of drug from tiie formulation when the formulation is 
exposed to, e.g.. gastrointestinal fluid, and forther it is meant that the hydration of the gel and 
the gel strength provide a desired release rate of drug from the dosage without, for example 
allowing a phenomena known as dose-dumping. 

By the term "dose^umping" it is meant that ti>e dosage form undesirably releases too 
much of the drug into the environmental fluid at too eariy a time after exposure into the 
enviromnenUl fluid. In oti»er words, the dosage-form would thereby not be capable of 
providing the desired susUuned release and sustained effect in-vivo. 
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DETAILED DISCLOSURE OF THE INVENTION 
In the present invention, it has been determined that the gelling agent may be 
comprised of materials suitable for providing a controlled release gel when exposed to 
environmental fluids accordmg to the invention. It has been found that a sustained release 
excipient comprising only a gelling agent (e.g. a hydrophilic gum) may not be sufficient to 
pro^de a suitable sustained release of an insoluble medicament to provide a 24 hour 
formulation, nor to prevent an ifutial "burst" dose dumping) of dnig release fh>m the 
formulation when the fonnulation is exposed to a fluid in an environment of use, e.g. an 
aqueous solution or gastrointestinal fluid. This is especially the case with certain medicaments 
such as those which are only moderately soluble, and is especially true with drugs such as 
nifedipine which are only poorly soluble. 

In a most preferred embodiment the gelling agent comprises a mixture of a xanthan 
gum and a locust bean gum capable of cross-linking with the xaiilhan gum when the gums are 
exposed to an environmental fluid. In this most preferred embodiment the ionizable gel 
enhancing agent acts to enhance the strength of cross-linking between the xanthan gum and 
the locust bean gum and thereby prolong the release of the medicament component of the 
formuhuioa 

Acceptable gelling agents which may also be used, in addition to xanthan gum and 
locust bean gum, in the present invention include those gelling agents wetl-knowti in the art. 
Examples include naturally occurring or modified naturally occurring gums such as alginates, 
carrageenan, pectin, guar gum, modified starch, hydroxypropylmethylcellulose, 
methylcellulose, and other cdlulosic materials or polymers, such as sodium 
carboxymetfaylcellulose and hydroxypropyl cellulose and mixtures of the foregoing. This list is 
not meant to be exclusive. 

Xanthan gum is a high molecular weiglit (>10^) heteropolysaccharide. Other preferred 
heteropolysaccharides inchide derivatives of xanthanfgum, such as deacylated xanthan gum, 
the carboxymethyl ether, and the polyethylene glycol ester that may be readily substituted for 
xanthan gum. 

The controlled release properties of the formulations of the present invention may be 
optimized when the ratio of xanthan gum to locust bean gum is about 1:1, although xanthan 



